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(54) APPARATUS FOR CONNECTING COMPONENTS

(57) An example apparatus includes a cable track
that includes a first side and a second side that is opposite
the first side. The apparatus further includes two or more
spacers. The two or more spacers include respective first
ends that are attached to the first side of the cable track
and respective second ends that are opposite the respec-
tive first ends. The two or more spacers further include
respective first surfaces between the respective first ends

and the respective second ends and respective second
surfaces that are opposite the respective first surfaces.
The apparatus further includes two or more pins attached
proximately to the respective second ends of the two or
more spacers. The two or more pins protrude from the
respective first surfaces of the two or more spacers
and/or protrude from the respective second surfaces of
the two or more spacers.
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Description

FIELD

[0001] The present disclosure generally relates to ca-
ble tracks, and more specifically to cable tracks with fea-
tures that can lessen the probability that the cable track
snags on itself as one section of the cable track moves
over another section.

BACKGROUND

[0002] In various applications, it may be necessary to
provide an electrical communication or power connection
between two machine components, and/or fluid or pneu-
matic flow between two machine components. Difficulties
may arise if at least one of the components is movable
during operation of the machine. For example, the two
components might move relative to each other such that
electrical cables, flexible tubing, or similar means con-
necting the two components may become pinched, bent,
or ruptured. Additionally, such movement may cause
damage to electrical cables or flexible tubing as they are
dragged over other components of the machine.
[0003] Cable tracks are generally designed to facilitate
movement of components that are connected via elec-
trical cables or flexible tubing, and to protect such cables
or tubing from damage caused by the movement. A cable
track typically takes the form of a flexible, elongated plas-
tic or metal linkage having a protective interior region in
which the cables and/or tubing can be placed. Springs
or other means for storing mechanical energy may be
used to help prevent the cable track from snagging on
itself as one section of the cable track moves over an-
other. But, such mechanical means may increase the
stiffness and internal friction of the cable track, which
may limit how quickly the cable track can move and/or
increase the amount of energy required to cause move-
ment. Accordingly, the snag-reducing features of some
cable tracks may cause some degree of reduced mobility
and may require increased energy input for movement.

SUMMARY

[0004] In one example, an apparatus for connecting
components that move relative to each other is provided.
The apparatus includes a cable track that includes a first
side and a second side that is opposite the first side. The
apparatus further includes two or more spacers. The two
or more spacers include respective first ends that are
attached to the first side of the cable track and respective
second ends that are opposite the respective first ends.
The two or more spacers further include respective first
surfaces between the respective first ends and the re-
spective second ends and respective second surfaces
that are opposite the respective first surfaces. The ap-
paratus further includes two or more pins attached prox-
imately to the respective second ends of the two or more

spacers. The two or more pins protrude from the respec-
tive first surfaces of the two or more spacers and/or pro-
trude from the respective second surfaces of the two or
more spacers.
[0005] In another example, an apparatus for connect-
ing components that move relative to each other is pro-
vided. The apparatus includes a cable track comprising
a first side and a second side that is opposite the first
side. The apparatus further includes two or more first
spacers. The two or more first spacers include respective
first ends that are attached to the first side of the cable
track and respective second ends that are opposite the
respective first ends. The two or more first spacers further
include respective first surfaces between the respective
first ends and the respective second ends and respective
second surfaces that are opposite the respective first sur-
faces. The apparatus further includes two or more first
pins attached proximately to the respective second ends
of the two or more first spacers. The two or more first
pins protrude from the respective first surfaces of the two
or more first spacers and/or protrude from the respective
second surfaces of the two or more first spacers. The
apparatus further includes two or more second spacers.
The two or more second spacers include respective first
ends that are attached to the second side of the cable
track and respective second ends that are opposite the
respective first ends of the two or more second spacers.
The two or more second spacers further include respec-
tive first surfaces between the respective first ends of the
two or more second spacers and the respective second
ends of the two or more second spacers and respective
second surfaces that are opposite the respective first sur-
faces of the two or more second spacers. The apparatus
further includes two or more second pins attached prox-
imately to the respective second ends of the two or more
second spacers. The two or more second pins protrude
from the respective first surfaces of the two or more sec-
ond spacers and/or protrude from the respective second
surfaces of the two or more second spacers.
[0006] In yet another example, an apparatus for con-
necting components that move relative to each other is
provided. The apparatus includes a plurality of links form-
ing a cable track that includes a first side and a second
side that is opposite the first side. The plurality of links
includes respective first sides and respective second
sides that are opposite the respective first sides of the
plurality of links. The apparatus further includes a plurality
of separators. The plurality of separators includes re-
spective spacers attached to the respective first sides of
the plurality of links at respective first ends of the respec-
tive spacers. The plurality of separators further includes
respective pins attached proximately to respective sec-
ond ends of the respective spacers that are opposite the
respective first ends. The plurality of separators are op-
erable to maintain a minimum distance between a first
section of the first side of the cable track and a second
section of the first side of the cable track as the cable
track is flexed such that the first section faces the second
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section.
[0007] The disclosure also includes the following
clauses:

1. An apparatus (100) for connecting components
(103, 105) that moves relative to each other, the ap-
paratus comprising:

a cable track (102) comprising a first side (104)
and a second side (106) that is opposite the first
side;
two or more spacers (108) comprising:

respective first ends (110) that are attached
to the first side of the cable track;
respective second ends (112) that are op-
posite the respective first ends;
respective first surfaces (114) between the
respective first ends and the respective sec-
ond ends; and
respective second surfaces (116) that are
opposite the respective first surfaces; and

two or more pins (118) attached proximately to
the respective second ends of the two or more
spacers, wherein the two or more pins protrude
from the respective first surfaces of the two or
more spacers and/or protrude from the respec-
tive second surfaces of the two or more spacers.

2. The apparatus (100) of clause 1, wherein the two
or more spacers (108) and the two or more pins (118)
are operable to maintain a minimum distance (132)
between a first section (134) of the first side (104) of
the cable track (102) and a second section (136) of
the first side of the cable track as the cable track is
flexed such that the first section faces the second
section.
3. The apparatus (100) of clause 1 or 2, wherein
each spacer (108) of the two or more spacers is over-
lapped by at least one adjacent spacer (108) of the
two or more spacers.
4. The apparatus (100) of any one of clauses 1 to 3,

wherein the first surfaces (114) and the second
surfaces (116) are parallel to a longitudinal axis
(138) of the cable track (102), and
wherein a distance (153) between a first spacer
(142) of the two or more spacers (108) and the
longitudinal axis is unequal to a distance (157)
between a second spacer (146) of the two or
more spacers and the longitudinal axis, prefer-
ably wherein the first spacer is adjacent to the
second spacer.

5. The apparatus (100) of any one of clauses 1 to 4,
wherein respective distances (115) between the first
end (110) and the second end (112) of each spacer

(108) of the two or more spacers are less than a
minimum bending radius of the cable track (102).
6. The apparatus (100) of any one of clauses 1 to 5,
wherein the first surfaces (114) and the second sur-
faces (116) are parallel to a longitudinal axis (138)
of the cable track (102), and
wherein respective lengths (155) of the two or more
spacers parallel to the longitudinal axis are less than
a minimum bending radius of the cable track.
7. The apparatus (100) of any one of clauses 1 to 6,
wherein the two or more spacers (108) further com-
prise respective holes (120) proximate to the respec-
tive second ends (112) of the two or more spacers,
and
wherein the two or more pins (118) are inserted into
the respective holes in the two or more spacers.
8. The apparatus (100) of any one of clauses 1 to 6,
wherein the first surfaces (114) of one or more first
spacers (154, 172, 174) of the two or more spacers
(108) comprise respective first notches (122) proxi-
mate to the respective second ends (112) of the one
or more first spacers,
wherein the second surfaces (116) of one or more
second spacers (150, 154, 172) of the two or more
spacers comprise respective second notches (124)
proximate to the respective second ends (112) of the
one or more second spacers, and
wherein the two or more pins (118) comprise respec-
tive first sections (126) inserted into the respective
first notches and/or respective second sections
(128) inserted into the respective second notches.
9. The apparatus (100) of any one of clauses 1 to 8,
wherein the cable track (102) comprises two or more
links (130) that form a chain structure.
10. The apparatus (100) of any one of clauses 1 to
9, wherein the two or more spacers (108) comprise
a friction reducing material.
11. The apparatus (100) of any one of clauses 1 to 10,
wherein the first surfaces (114) and the second sur-
faces (116) are parallel to a longitudinal axis (138)
of the cable track (102),
wherein the two or more spacers (108) comprise a
first group of spacers (148) comprising:

a first spacer (150) separated from the longitu-
dinal axis by a first distance (152); and
a second spacer (154) separated from the lon-
gitudinal axis by a second distance (156),

wherein the second spacer is adjacent to the first
spacer, and wherein the first distance is unequal to
the second distance,
wherein the two or more spacers comprise a second
group of spacers (158) that is adjacent to the first
group of spacers, the second group of spacers com-
prising:

a third spacer (142) separated from the longitu-
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dinal axis by a distance (153) that is equal to the
first distance; and
a fourth spacer (146) separated from the longi-
tudinal axis by a distance (157) that is equal to
the second distance, wherein the fourth spacer
is adjacent to the third spacer.

12. The apparatus (100) of any one of clauses 1 to
11, wherein the first surfaces (114) and the second
surfaces (116) are parallel to a longitudinal axis (138)
of the cable track (102), and wherein the two or more
pins (118) comprise:

respective first ends (160) that protrude from the
respective first surfaces of the two or more spac-
ers (108), wherein the respective first ends of
the two or more pins extend further from the lon-
gitudinal axis than any of the two or more spac-
ers; and/or
respective second ends (162) that protrude from
the respective second surfaces of the two or
more spacers, wherein the respective second
ends of the two or more pins extend further from
the longitudinal axis than any of the two or more
spacers.

13. The apparatus (100) of any one of clauses 1 to
12, wherein the two or more pins (118) comprise one
or more rollers.
14. The apparatus (100) of any one of clauses 1 to
13, wherein the two or more pins (118) comprise a
friction reducing material.
15. The apparatus (100) of any one of clauses 1 to
14, further comprising two or more second spacers
(209) comprising:

respective first ends (211) that are attached to
the second side (106) of the cable track (102);
respective second ends (213) that are opposite
the respective first ends of the two or more sec-
ond spacers;
respective first surfaces (215) between the re-
spective first ends of the two or more second
spacers and the respective second ends of the
two or more second spacers;
respective second surfaces (217) that are op-
posite the respective first surfaces of the two or
more second spacers; and
two or more second pins (219) attached proxi-
mately to the respective second ends of the two
or more second spacers, wherein the two or
more second pins protrude from the respective
first surfaces of the two or more second spacers
and/or protrude from the respective second sur-
faces of the two or more second spacers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a front view of a system, according to the
present disclosure.
Figure 2 is a front view of the system of Figure 1 in
a different operating position.
Figure 3 is a perspective front view of an apparatus
for use with the system shown in Figures 1 and 2.
Figure 4 is a top view of spacers and pins for use
with the apparatus shown in Figures 1 to 3.
Figure 5 is a front view of a spacer for use with the
apparatus shown in Figures 1 to 3.
Figure 6 is a front view and a rear view of an alter-
native spacer for use with the apparatus shown in
Figures 1 to 3.
Figure 7 is a front perspective view of an apparatus
for use with the system shown in Figures 1 and 2,
according to another example.
Figure 8 is a front perspective view of an apparatus
for use with the system shown in Figures 1 and 2,
according to another example.
Figure 9 is a top view of spacers and pins for use
with the apparatus shown in Figure 8.

DETAILED DESCRIPTION

[0009] A cable management device having the cable
track(s) (e.g., flexible cable tracks) described herein can
protect cables or flexible tubing and facilitate movement
of the cable track over itself with less mechanical com-
plexity and with less required input energy. An example
cable track has a first side and a second side that is op-
posite the first side. Electrical cables and/or flexible tub-
ing may be routed through an interior region formed be-
tween the first and second sides of the cable track. The
electrical cables or flexible tubing may be connected to
a first component at a first end and to a second compo-
nent at a second end. During operation of a system (e.g.,
a machine), the first component may move relative to the
second component (or vice versa). As such, the cable
track may provide protection for the cables or flexible
tubing as the first and second components move relative
to each other.
[0010] The cable management device includes addi-
tional features that may reduce the probability that one
section of the cable track will snag against a second sec-
tion of the cable track as the first and second sections
move over each other. For example, the cable manage-
ment device further includes two or more spacers having
respective first ends that are attached to the first side of
the cable track and respective second ends that are op-
posite the respective first ends. The two or more spacers
further include respective first surfaces between the re-
spective first ends and the respective second ends and
respective second surfaces that are opposite the respec-
tive first surfaces. In some examples, the two or more
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spacers resemble flat "teeth" or plate-like structures that
slightly overlap each other along a longitudinal axis of
the cable track. The two or more spacers may also be
staggered (e.g., periodically) with respect to the longitu-
dinal axis.
[0011] The cable management device further includes
two or more pins attached proximately to the respective
second ends of the two or more spacers. The two or more
pins protrude from the respective first surfaces of the two
or more spacers and/or protrude from the respective sec-
ond surfaces of the two or more spacers. When the cable
track is flexed so that a first section is on top of a second
section, spacers of the first section will generally impact
the pins attached to spacers of the second section. This
may help maintain a minimum distance between the first
and second sections to prevent the first and second sec-
tions from snagging on each other during movement. In
some examples, the spacers and pins may be coated
with or otherwise include friction reducing materials. Us-
ing spacers and pins in this manner may prevent the ca-
ble track from snagging on itself during movement, with-
out significantly increasing friction within the cable track
or increasing levels of energy required to move one sec-
tion of the cable track relative to another.
[0012] Figures 1 and 2 are front views of an example
system 111, such as a machine. The system 111 includes
a first component 103, a second component 105, and an
apparatus 100 (also referred to herein as a "cable man-
agement device") for connecting the components 103
and 105 to each other. For example, the apparatus 100
connects to the first component 103 and the second com-
ponent 105 of the system 111. An enclosure 101 is de-
fined between the first component 103 and the second
component 105, and the apparatus 100 is positioned in
the enclosure 101. Figures 1 and 2 show a cross-section
of the enclosure 101, which takes the form of a spherical
or a cylindrical shell, but the enclosure 101 can have any
suitable cross-sectional shape and the apparatus 100 is
configured to move within enclosures having any suitable
shape.
[0013] The system 111 includes the first component
103 and the second component 105 that move relative
to each other during operation of the system 111. A first
end 188 of the apparatus 100 is coupled to the first com-
ponent 103, and a second end 189 of the apparatus 100
is coupled to the second component 105. The ends 188
and 189 of the apparatus 100 can be coupled to the re-
spective component 103 or 105 via, for example, an elec-
trical cable, conduit, and/or flexible tubing. Preferably,
the apparatus 100 is a separate component that is posi-
tioned in the enclosure 101 and coupled to the first com-
ponent 103 and the second component 105.
[0014] Electrical cables, conduits, and/or flexible tub-
ing connecting the first component 103 to the second
component 105 may be routed through the apparatus
100. The first component 103 may be an electrical power
source and the second component 105 may be an optical
sensor, for example, and electrical cables routed within

the apparatus 100 may carry electrical current flowing
between the first component 103 and the second com-
ponent 105. In another example, the first component 103
is a processor, and electrical cables or fiber optic cables
routed within the apparatus 100 may transmit optical data
collected by the second component 105 to the first com-
ponent 103. In yet another example, the first component
103 is an outlet for pressurized air or another pressurized
fluid and the second component 105 may be powered
pneumatically via flexible tubing routed within the appa-
ratus 100. Figure 1 depicts the second component 105
in a position 107 along the enclosure that is ninety de-
grees clockwise with respect to the first component 103.
As shown, a first section 119 of a first side 104 of the
apparatus 100 faces a second section 121 of the first
side 104 due to flexing of the apparatus 100.
[0015] Figure 2 is a front view of the system 111 in a
different operating condition within the enclosure 101.
Figure 2 depicts the second component 105 in a position
109 along the enclosure 101 that is ninety degrees coun-
ter-clockwise with respect to the first component 103. In
Figure 2, a third section 123 of the first side 104 faces a
fourth section 125 of the first side 104 due to the flexing
of the apparatus 100 at a position that differs from the
position at which the apparatus 100 is flexed in Figure 1.
The apparatus 100 is configured to facilitate movement
of the second component 105 between the positional ex-
tremes shown respectively in Figures 1 and 2. In other
examples, the apparatus 100 may facilitate 360-degree
movement of the second component 105. In yet other
examples, the apparatus 100 may facilitate movement
of the second component 105 in directions that corre-
spond to any number of possible shapes of the enclosure
101. Other examples are possible as well.
[0016] Figure 3 is a perspective front view of the ap-
paratus 100. The apparatus 100 includes a cable track
102 having the first side 104 and a second side 106 that
is opposite the first side 104. The apparatus 100 further
includes two or more spacers 108. The two or more spac-
ers 108 include respective first ends 110 that are attached
to the first side 104 of the cable track 102 and respective
second ends 112 that are opposite the respective first
ends 110. The two or more spacers 108 also include
respective first surfaces 114 between the respective first
ends 110 and the respective second ends 112 and re-
spective second surfaces 116 that are opposite the re-
spective first surfaces 114. The apparatus 100 further
includes two or more pins 118 attached proximately to
the respective second ends 112 of the two or more spac-
ers 108. The two or more pins 118 protrude from the
respective first surfaces 114 of the two or more spacers
108 and/or protrude from the respective second surfaces
116 of the two or more spacers 108.
[0017] The cable track 102 is composed of two or more
interconnected links 130 that are made of plastic, carbon
fiber, and/or metal, but other examples are possible. The
links 130 form a chain structure (e.g., two or more links
form a chain structure). The cable track 102 defines a
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longitudinal axis 138 and an interior region 199. Electrical
cables and/or flexible tubing may be routed through the
interior region 199, from an end 197 to an end 198 or
vice versa. Such electrical cables or flexible tubing may
connect the first component 103 to the second compo-
nent 105.
[0018] The two or more spacers 108 may be composed
of or be coated by a friction-reducing material. For ex-
ample, the two or more spacers 108 can be made of or
coated by a polytetrafluoroethylene (PTFE) material,
such as TEFLON® ("Teflon" is a registered trademark of
The Chemours Company of Wilmington, Delaware,
USA.). The two or more spacers 108 resemble flat "teeth"
or plate-like structures that slightly overlap each other
along the longitudinal axis 138. That is, each spacer 108
of the two or more spacers 108 is overlapped by at least
one adjacent spacer 108 of the two or more spacers 108
when viewed from an angle that is perpendicular to the
longitudinal axis 138. The two or more spacers 108 are
staggered (e.g., arranged periodically) with respect to
the longitudinal axis 138. That is, the distance of each
spacer 108 from the longitudinal axis 138 is based on a
periodic distance sequence with respect to position along
the longitudinal axis 138. The first surfaces 114 and the
second surfaces 116 of the two or more spacers 108 are
parallel to the longitudinal axis 138 of the cable track 102.
[0019] Respective distances 115 between the first end
110 and the second end 112 of each spacer of the two
or more spacers 108 are less than or equal to a minimum
bending radius of the cable track 102. Respective lengths
155 of the two or more spacers 108 parallel to the longi-
tudinal axis 138 are greater than or equal to the respec-
tive lengths of the links 130 in the direction of the longi-
tudinal axis 138. Respective lengths 155 of the two or
more spacers 108 parallel to the longitudinal axis 138
are less than a minimum bending radius of the cable track
102.
[0020] Within examples, the two or more pins 118 are
attached proximately to the respective second ends 112
of the two or more spacers 108. In this context, the phrase
"attached proximately" indicates that the pins 118 are
closer to the second ends 112 than the first ends 110. In
other examples, the phrase "attached proximately" indi-
cates that the pins 118 are attached flush with the second
ends 112 or at least ten times closer to the ends 112 than
to the ends 110, but other examples are possible.
[0021] The two or more pins 118 protrude from the re-
spective first surfaces 114 and/or protrude from the re-
spective second surfaces 116 of the two or more spacers
108. For example, a pin 183 attached to a spacer 173
protrudes from both the first surface 114 and the second
surface 116 of the spacer 173. The pin 183 extends from
each surface 114 and 116 of the spacer 173 because
the spacer 173 is displaced a shorter distance from the
longitudinal axis 138 in the direction 191 when compared
to at least one other spacer 108. A pin 181 attached to
a spacer 171 may protrude only from the first surface 114
of the spacer 171 but not from the second surface 116

of the spacer 171. The pin 181 may extend only from one
surface 114 because the spacer 171 is displaced from
the longitudinal axis 138 in the direction 192 at least as
far as any of the other spacers 108. A pin 179 attached
to a spacer 169 may protrude only from the second sur-
face 116 of the spacer 169 but not from the first surface
114 of the spacer 169. The pin 179 may extend only from
one surface 116 because the spacer 169 is displaced
from the longitudinal axis 138 in the direction 191 at least
as far as any of the other spacers 108. In Figures 3 and
4, various portions of the pins 118 are illustrated with
dashed lines, which denotes that those pins are typically
omitted from the apparatus 100, but could optionally be
included as part of the apparatus 100.
[0022] The two or more pins 118 may be composed of
or be coated with a friction-reducing material such as a
polytetrafluoroethylene (PTFE) material (e.g., a TE-
FLON® material ("Teflon" is a registered trademark of
The Chemours Company of Wilmington, Delaware,
USA.)).
[0023] The two or more spacers 108 and the two or
more pins 118 are operable to maintain a minimum dis-
tance 132 between a first section 134 of the first side 104
of the cable track 102 and a second section 136 of the
first side 104 of the cable track 102 as the cable track
102 is flexed such that the first section 134 faces the
second section 136. When the cable track 102 is flexed
so that the first section 134 overlaps the second section
136, spacers 108 of the first section 134 will generally
contact pins 118 attached to the spacers 108 of the sec-
ond section 136. Additionally or alternatively, spacers
108 of the second section 136 may impact pins 118 at-
tached to spacers 108 of the first section 134.
[0024] This arrangement may maintain the minimum
distance 132 between the first section 134 and the sec-
ond section 136 to prevent the first section 134 and the
second section 136 from snagging on each other during
movement of the apparatus 100. The apparatus 100 may
function without significantly increasing friction within the
cable track 102 or increasing levels of energy required
to move one section of the cable track 102 relative to
another.
[0025] Figure 4 is a top view of spacers and pins for
use with the apparatus 100 as the two or more spacers
108 and the two or more pins 118. For example, the two
or more spacers 108 include at least spacers 150, 154,
142, and 146. The distances of the spacers 150, 154,
142, and 146 from the longitudinal axis 138 are illustrated
in Figure 4. For instance, a distance 153 between the
spacer 142 and the longitudinal axis 138 is unequal to a
distance 157 between the spacer 146 and the longitudi-
nal axis 138. As shown in Figure 4, the spacer 142 is
adjacent to the spacer 146 and the distance 153 is larger
than the distance 157.
[0026] Figure 5 is a front view of a spacer 108 for use
with the apparatus 100. In the embodiment shown in Fig-
ure 5, the spacer 108 includes a hole 120 proximate to
the second end 112 of the spacer 108. The two or more
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pins 118 may be inserted into the respective holes 120
in the two or more spacers 108 and be secured to the
two or more spacers 108 such that the two or more pins
118 protrude from the respective first surfaces 114 and/or
the respective second surfaces 116. The two or more
pins 118 may include or take the form of one or more
rollers that spin freely within the respective holes 120.
[0027] Figure 6 is a front view and a rear view of an
alternative spacer 108 for use with the apparatus 100.
The spacer108 shown in Figure 6 is similar to the spacer
108 shown in Figure 5, except that in Figure 6 the spacer
108 includes a notch 122 and/or a notch 124 instead of
a hole 120. In Figure 6, the first surface 114 of the spacer
108 includes a first notch 122 proximate to the second
end 112 of the spacer 108. The second surface 116 of
the spacer 108 may also include a second notch 124
proximate to the second end 112 of the spacer 108. As
shown in Figure 3, the two or more pins 118 may include
respective first sections 126 that are inserted into the first
notches 122 and/or respective second sections 128 that
are inserted into the second notches 124.
[0028] Referring to Figure 4, the two or more spacers
108 may include a first group 148 of spacers 108 that
includes a spacer 150 separated from the longitudinal
axis 138 by a first distance 152 and a spacer 154 sepa-
rated from the longitudinal axis 138 by a second distance
156. The spacer 154 is adjacent to the spacer 150 and
the first distance 152 is unequal to the second distance
156 as shown in Figure 4.
[0029] The two or more spacers 108 may also include
a second group 158 of spacers 108 that is adjacent to
the first group 148 of spacers 108. The second group
158 of spacers 108 includes a spacer 142 separated from
the longitudinal axis 138 by a distance 153 that is equal
to the first distance 152 and a spacer 146 separated from
the longitudinal axis 138 by a distance 157 that is equal
to the second distance 156. The spacer 146 is adjacent
to the spacer 142.
[0030] The two or more pins 118 may include respec-
tive first ends 160 that protrude from the respective first
surfaces 114 of the two or more spacers 108. The re-
spective first ends 160 may extend further from the lon-
gitudinal axis 138 than any of the spacers 108. In addition
to or as an alternative to the first ends 160, the pins 118
may also include respective second ends 162 that pro-
trude from the respective second surfaces 116 of the two
or more spacers 108. The respective second ends 162
of the pins 118 may extend further from the longitudinal
axis 138 than any of the two or more spacers 108.
[0031] Figure 7 is a front perspective view of an exam-
ple apparatus 200 (also referred to herein as a "cable
management device"). The apparatus 200 includes fea-
tures similar to the apparatus 100, except apparatus 200
includes spacers 209 coupled to the second side 106 of
the cable track 102 in addition to the spacers 108 coupled
to the first side 104 of the cable track 102. Components
that are common to both apparatus 100 and 200 maintain
the reference numbers used above and include the same

features described with respect to apparatus 100, unless
stated otherwise. More specifically, the apparatus 200
may include any of the features of the apparatus 100
described above, in addition to any other features de-
scribed herein. Notably, the apparatus 200 differs from
the apparatus 100 in that the apparatus 200 includes the
two or more second spacers 209 and the two or more
second pins 219 on the second side 106 of the cable
track 102 in addition to the two or more first spacers 108
and two or more first pins 118 on the first side 104 of the
cable track 102. The two or more second spacers 209
and the two or more second pins 219 may function sim-
ilarly to the two or more first spacers 108 and the two or
more first pins 118 when two sections of the second side
106 of the cable track 102 face each other. The two or
more second spacers 209 and the two or more second
pins 219 may also have structural features that are similar
to the two or more first spacers 108 and the two or more
first pins 118.
[0032] The two or more second spacers 209 are similar
to the spacers 108 except the spacers 209 oppose the
spacers 108 with respect to the cable track 102. Each
spacer 209 includes a first end 211 that is attached to
the second side 106 of the cable track 102 and a second
end 213 that is opposite the respective first end 211. The
spacers 209 also each include a first surface 215 be-
tween the respective first end 211 and the respective
second end 213 and a second surface 217 that is oppo-
site the respective first surface 215.
[0033] The apparatus 200 further includes two or more
second pins 219 attached proximately to the respective
second ends 213 of the two or more second spacers 209.
The two or more second pins 219 protrude from the re-
spective first surfaces 215 of the two or more second
spacers 209 and/or protrude from the respective second
surfaces 217 of the two or more second spacers 209.
The two or more second pins 219 may include any of the
features of the two or more first pins 118.
[0034] In Figure 7, various portions of the two or more
first pins 118 and the two or more second pins 219 are
illustrated with dashed lines, which denotes that those
pins are typically omitted, but could optionally be included
as part of the apparatus 200.
[0035] Figure 8 is a front perspective view of an exam-
ple apparatus 300 (also referred to herein as a "cable
management device"). The apparatus 300 may include
any of the features of the apparatus 100 or 200 described
above, in addition to the features described below. Com-
ponents of the apparatus 300 that are common to appa-
ratus 100 or 200 maintain the reference numbers used
above and include the same features described with re-
spect to apparatus 100 or 200, unless stated otherwise.
[0036] The apparatus 300 can be used for connecting
components that move relative to each other. The appa-
ratus 300 includes the plurality of links 130 forming the
cable track 102. Each of the links 130 includes a first side
305 and a second side 307 that is opposite the first side
305.
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[0037] The apparatus 300 further includes a plurality
of separators 311. Each separator 311 includes a spacer
108 attached to the first side 305 of the respective link
130 at a first end 110 of the spacer 108. Each separator
311 further includes a respective pin 118 attached prox-
imately to the second end 112 of the respective spacer
108. The plurality of separators 311 are operable to main-
tain a minimum distance 332 between a first section 334
of the first side 104 of the cable track 102 and a second
section 336 of the first side 104 of the cable track 102 as
the cable track 102 is flexed such that the first section
334 faces the second section 336.
[0038] The spacers 108 may be oriented perpendicu-
larly to the respective first sides 305 of the plurality of
links 130. The spacers 108 may be oriented parallel to a
longitudinal axis 338 of the cable track 102.
[0039] The plurality of separators 311 may be operable
to prevent the first section 334 of the first side 104 of the
cable track 102 from being obstructed by the second sec-
tion 336 of the first side 104 of the cable track 102 as the
first section 334 moves past the second section 336.
[0040] Figure 9 is a top view of spacers and pins for
use with the apparatus 300. The plurality of separators
311 may include a first group of separators 348 and a
second group of separators 358. The first group 348 in-
cludes a first separator 350 and a second separator 354
that is adjacent to the first separator 350. The first sep-
arator 350 and the second separator 354 are staggered
to facilitate the first separator 350 moving past the second
separator 354 in response to flexing of the cable track
102. The second group 358 includes a first separator 342
and a second separator 346 that is adjacent to the first
separator 342. The first separator 342 and the second
separator 346 are staggered to facilitate the first sepa-
rator 342 moving the past the second separator 346 in
response to flexing of the cable track 102.
[0041] In Figures 7-8, various portions of the pins 118
are illustrated with dashed lines, which denotes that
those pins are typically omitted, but could optionally be
included as part of the apparatus 300.
[0042] The present disclosure can thus relate to one
of the enumerated example embodiment (EEEs) listed
below.

EEE 1 is an apparatus for connecting components
that move relative to each other. The apparatus in-
cludes a cable track that includes a first side and a
second side that is opposite the first side. The ap-
paratus further includes two or more spacers. The
two or more spacers include respective first ends
that are attached to the first side of the cable track;
respective second ends that are opposite the respec-
tive first ends; respective first surfaces between the
respective first ends and the respective second
ends; and respective second surfaces that are op-
posite the respective first surfaces. The apparatus
further includes two or more pins attached proxi-
mately to the respective second ends of the two or

more spacers, wherein the two or more pins protrude
from the respective first surfaces of the two or more
spacers and/or protrude from the respective second
surfaces of the two or more spacers.
EEE 2 is the apparatus of EEE 1, wherein the two
or more spacers and the two or more pins are oper-
able to maintain a minimum distance between a first
section of the first side of the cable track and a sec-
ond section of the first side of the cable track as the
cable track is flexed such that the first section faces
the second section.
EEE 3 is the apparatus of EEE 1 or 2, wherein each
spacer of the two or more spacers is overlapped by
at least one adjacent spacer of the two or more spac-
ers.
EEE 4 is the apparatus of any of EEEs 1-3, wherein
the first surfaces and the second surfaces are par-
allel to a longitudinal axis of the cable track, and
wherein a distance between a first spacer of the two
or more spacers and the longitudinal axis is unequal
to a distance between a second spacer of the two or
more spacers and the longitudinal axis.
EEE 5 is the apparatus of EEE 4, wherein the first
spacer is adjacent to the second spacer.
EEE 6 is the apparatus of any of EEEs 1-5, wherein
respective distances between the first end and the
second end of each spacer of the two or more spac-
ers are less than a minimum bending radius of the
cable track.
EEE 7 is the apparatus of any of EEEs 1-6, wherein
the first surfaces and the second surfaces are par-
allel to a longitudinal axis of the cable track, and
wherein respective lengths of the two or more spac-
ers parallel to the longitudinal axis are less than a
minimum bending radius of the cable track.
EEE 8 is the apparatus of any of EEEs 1-7, wherein
the two or more spacers further comprise respective
holes proximate to the respective second ends of
the two or more spacers, and wherein the two or
more pins are inserted into the respective holes in
the two or more spacers.
EEE 9 is the apparatus of any of EEEs 1-7, wherein
the first surfaces of one or more first spacers of the
two or more spacers comprise respective first notch-
es proximate to the respective second ends of the
one or more first spacers, wherein the second sur-
faces of one or more second spacers of the two or
more spacers comprise respective second notches
proximate to the respective second ends of the one
or more second spacers, and wherein the two or
more pins comprise respective first sections inserted
into the respective first notches and/or respective
second sections inserted into the respective second
notches.
EEE 10 is the apparatus of any of EEEs 1-9, wherein
the cable track comprises two or more links that form
a chain structure.
EEE 11 is the apparatus of any of EEEs 1-10, where-
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in the two or more spacers comprise a friction reduc-
ing material.
EEE 12 is the apparatus of any of EEEs 1-11, where-
in the first surfaces and the second surfaces are par-
allel to a longitudinal axis of the cable track, wherein
the two or more spacers comprise a first group of
spacers comprising: a first spacer separated from
the longitudinal axis by a first distance; and a second
spacer separated from the longitudinal axis by a sec-
ond distance, wherein the second spacer is adjacent
to the first spacer, and wherein the first distance is
unequal to the second distance, wherein the two or
more spacers comprise a second group of spacers
that is adjacent to the first group of spacers, the sec-
ond group of spacers comprising: a third spacer sep-
arated from the longitudinal axis by a distance that
is equal to the first distance; and a fourth spacer sep-
arated from the longitudinal axis by a distance that
is equal to the second distance, wherein the fourth
spacer is adjacent to the third spacer.
EEE 13 is the apparatus of any of EEEs 1-12, where-
in the first surfaces and the second surfaces are par-
allel to a longitudinal axis of the cable track, and
wherein the two or more pins comprise: respective
first ends that protrude from the respective first sur-
faces of the two or more spacers, wherein the re-
spective first ends of the two or more pins extend
further from the longitudinal axis than any of the two
or more spacers; and/or respective second ends that
protrude from the respective second surfaces of the
two or more spacers, wherein the respective second
ends of the two or more pins extend further from the
longitudinal axis than any of the two or more spacers.
EEE 14 is the apparatus of any of EEEs 1-13, where-
in the two or more pins comprise one or more rollers.
EEE 15 is the apparatus of any of EEEs 1-14, where-
in the two or more pins comprise a friction reducing
material.
EEE 16 is an apparatus for connecting components
that move relative to each other, the apparatus com-
prising: a cable track comprising a first side and a
second side that is opposite the first side; two or more
first spacers comprising: respective first ends that
are attached to the first side of the cable track; re-
spective second ends that are opposite the respec-
tive first ends; respective first surfaces between the
respective first ends and the respective second
ends; and respective second surfaces that are op-
posite the respective first surfaces. The apparatus
further comprises: two or more first pins attached
proximately to the respective second ends of the two
or more first spacers, wherein the two or more first
pins protrude from the respective first surfaces of the
two or more first spacers and/or protrude from the
respective second surfaces of the two or more first
spacers; two or more second spacers comprising:
respective first ends that are attached to the second
side of the cable track; respective second ends that

are opposite the respective first ends of the two or
more second spacers; respective first surfaces be-
tween the respective first ends of the two or more
second spacers and the respective second ends of
the two or more second spacers; and respective sec-
ond surfaces that are opposite the respective first
surfaces of the two or more second spacers. The
apparatus further comprises two or more second
pins attached proximately to the respective second
ends of the two or more second spacers, wherein
the two or more second pins protrude from the re-
spective first surfaces of the two or more second
spacers and/or protrude from the respective second
surfaces of the two or more second spacers.
EEE 17 is an apparatus for connecting components
that move relative to each other, the apparatus com-
prising: a plurality of links forming a cable track com-
prising a first side and a second side that is opposite
the first side, wherein the plurality of links comprises
respective first sides and respective second sides
that are opposite the respective first sides of the plu-
rality of links; and a plurality of separators compris-
ing: respective spacers attached to the respective
first sides of the plurality of links at respective first
ends of the respective spacers; and respective pins
attached proximately to respective second ends of
the respective spacers that are opposite the respec-
tive first ends, wherein the plurality of separators are
operable to maintain a minimum distance between
a first section of the first side of the cable track and
a second section of the first side of the cable track
as the cable track is flexed such that the first section
faces the second section.
EEE 18 is the apparatus of EEE 17, wherein the
spacers are attached orthogonally to the respective
first sides of the plurality of links, and wherein the
spacers are oriented parallel to a longitudinal axis of
the cable track.
EEE 19 is the apparatus of EEEs 17 or 18, wherein
the plurality of separators comprise two or more
groups of separators, wherein the two or more
groups of separators each comprise a first separator
and a second separator that is adjacent to the first
separator, and wherein the first separator and the
second separator of each group of the two or more
groups of separators are staggered to facilitate the
first separator moving past the second separator in
response to flexing of the cable track.
EEE 20 is the apparatus of any of EEEs 17-19,
wherein the plurality of separators are operable to
prevent the first section of the first side of the cable
track from being obstructed by the second section
of the first side of the cable track as the first section
moves past the second section.
EEE 21 is the apparatus of any of EEEs 1-15, further
comprising two or more second spacers comprising:
respective first ends that are attached to the second
side of the cable track; respective second ends that
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are opposite the respective first ends of the two or
more second spacers; respective first surfaces be-
tween the respective first ends of the two or more
second spacers and the respective second ends of
the two or more second spacers; and respective sec-
ond surfaces that are opposite the respective first
surfaces of the two or more second spacers; and two
or more second pins attached proximately to the re-
spective second ends of the two or more second
spacers, wherein the two or more second pins pro-
trude from the respective first surfaces of the two or
more second spacers and/or protrude from the re-
spective second surfaces of the two or more second
spacers.

[0043] By the term "about" or "substantially" with ref-
erence to amounts or measurement values described
herein, it is meant that the recited characteristic, param-
eter, or value need not be achieved exactly, but that de-
viations or variations, including for example, tolerances,
measurement error, measurement accuracy limitations
and other factors known to those of skill in the art, may
occur in amounts that do not preclude the effect the char-
acteristic was intended to provide.
[0044] The description of the different advantageous
arrangements has been presented for purposes of illus-
tration and description, and is not intended to be exhaus-
tive or limited to the embodiments in the form disclosed.
Many modifications and variations will be apparent to
those of ordinary skill in the art. Further, different advan-
tageous embodiments may describe different advantag-
es as compared to other advantageous embodiments.
The embodiment or embodiments selected are chosen
and described in order to explain the principles of the
embodiments, the practical application, and to enable
others of ordinary skill in the art to understand the dis-
closure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

Claims

1. An apparatus for connecting components that move
relative to each other, the apparatus comprising: a
cable track comprising a first side and a second side
that is opposite the first side; two or more first spacers
comprising: respective first ends that are attached
to the first side of the cable track; respective second
ends that are opposite the respective first ends; re-
spective first surfaces between the respective first
ends and the respective second ends; and respec-
tive second surfaces that are opposite the respective
first surfaces.

2. The apparatus of claim 1, further comprising: two or
more first pins attached proximately to the respective
second ends of the two or more first spacers, wherein
the two or more first pins protrude from the respective

first surfaces of the two or more first spacers and/or
protrude from the respective second surfaces of the
two or more first spacers; two or more second spac-
ers comprising: respective first ends that are at-
tached to the second side of the cable track; respec-
tive second ends that are opposite the respective
first ends of the two or more second spacers; respec-
tive first surfaces between the respective first ends
of the two or more second spacers and the respective
second ends of the two or more second spacers; and
respective second surfaces that are opposite the re-
spective first surfaces of the two or more second
spacers.

3. The apparatus of claim 1 or 2, further comprising two
or more second pins attached proximately to the re-
spective second ends of the two or more second
spacers, wherein the two or more second pins pro-
trude from the respective first surfaces of the two or
more second spacers and/or protrude from the re-
spective second surfaces of the two or more second
spacers.

4. An apparatus for connecting components that move
relative to each other, the apparatus comprising: a
plurality of links forming a cable track comprising a
first side and a second side that is opposite the first
side, wherein the plurality of links comprises respec-
tive first sides and respective second sides that are
opposite the respective first sides of the plurality of
links; and a plurality of separators comprising: re-
spective spacers attached to the respective first
sides of the plurality of links at respective first ends
of the respective spacers; and respective pins at-
tached proximately to respective second ends of the
respective spacers that are opposite the respective
first ends, wherein the plurality of separators are op-
erable to maintain a minimum distance between a
first section of the first side of the cable track and a
second section of the first side of the cable track as
the cable track is flexed such that the first section
faces the second section.

5. The apparatus of claim 4, wherein the spacers are
attached orthogonally to the respective first sides of
the plurality of links, and wherein the spacers are
oriented parallel to a longitudinal axis of the cable
track.

6. The apparatus of claims 4 or 5, wherein the plurality
of separators comprise two or more groups of sep-
arators, wherein the two or more groups of separa-
tors each comprise a first separator and a second
separator that is adjacent to the first separator, and
wherein the first separator and the second separator
of each group of the two or more groups of separators
are staggered to facilitate the first separator moving
past the second separator in response to flexing of
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the cable track.

7. The apparatus of any of the claims 4-6, wherein the
plurality of separators are operable to prevent the
first section of the first side of the cable track from
being obstructed by the second section of the first
side of the cable track as the first section moves past
the second section.

8. An apparatus for connecting components that move
relative to each other, comprising a cable track that
includes a first side and a second side that is opposite
the first side; two or more spacers having respective
first ends that are attached to the first side of the
cable track; respective second ends that are oppo-
site the respective first ends; respective first surfaces
between the respective first ends and the respective
second ends; and respective second surfaces that
are opposite the respective first surfaces, the appa-
ratus further comprising two or more pins attached
proximately to the respective second ends of the two
or more spacers, wherein the two or more pins pro-
trude from the respective first surfaces of the two or
more spacers and/or protrude from the respective
second surfaces of the two or more spacers,
further comprising two or more second spacers com-
prising: respective first ends that are attached to the
second side of the cable track; respective second
ends that are opposite the respective first ends of
the two or more second spacers; respective first sur-
faces between the respective first ends of the two or
more second spacers and the respective second
ends of the two or more second spacers; and re-
spective second surfaces that are opposite the re-
spective first surfaces of the two or more second
spacers; and two or more second pins attached prox-
imately to the respective second ends of the two or
more second spacers, wherein the two or more sec-
ond pins protrude from the respective first surfaces
of the two or more second spacers and/or protrude
from the respective second surfaces of the two or
more second spacers.

9. The apparatus according to claim 8, wherein the two
or more spacers and the two or more pins are oper-
able to maintain a minimum distance between a first
section of the first side of the cable track and a sec-
ond section of the first side of the cable track as the
cable track is flexed such that the first section faces
the second section.

10. The apparatus according to claim 8 or 9, wherein the
first surfaces and the second surfaces are parallel
to a longitudinal axis of the cable track, and wherein
a distance between a first spacer of the two or more
spacers and the longitudinal axis is unequal to a dis-
tance between a second spacer of the two or more
spacers and the longitudinal axis.

11. The apparatus according to any of the claims 8-10,
wherein respective distances between the first end
and the second end of each spacer of the two or
more spacers are less than a minimum bending ra-
dius of the cable track.

12. The apparatus according to any of the claims 8-11,
wherein the first surfaces and the second surfaces
are parallel to a longitudinal axis of the cable track,
and wherein respective lengths of the two or more
spacers parallel to the longitudinal axis are less than
a minimum bending radius of the cable track.

13. The apparatus according to any of the claims 8-12,
wherein the first surfaces of one or more first spacers
of the two or more spacers comprise respective first
notches proximate to the respective second ends of
the one or more first spacers, wherein the second
surfaces of one or more second spacers of the two
or more spacers comprise respective second notch-
es proximate to the respective second ends of the
one or more second spacers, and wherein the two
or more pins comprise respective first sections in-
serted into the respective first notches and/or re-
spective second sections inserted into the respective
second notches.

14. The apparatus according to any of the claims 8-13,
wherein the cable track comprises two or more links
that form a chain structure.

15. The apparatus according to any of the claims 8-14,
wherein the two or more spacers comprise a friction
reducing material.
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